The use of the terms "smart grid" and "intelligent power networks" should be limited to economically valid technological developments. This paper presents two electrical energy related "sets of elements": an electric power system as an integrated set and a distributed set consisting of plug-in hybrid vehicles, such as passenger cars. As plug-in hybrid vehicles are becoming more and more popular, this paper introduces a concept of integrating such vehicles with the electric power system. A quantitative assessment of the benefits for the car owners and the electrical power system has been presented.
The notion of the Smart Grid was coined in the United States. Europeans tend to be fascinated by the material culture and the level of technology in that country. This widespread opinion should not apply to distribution grids. In 2010 I lived for over a month in a new district of modern detached houses in the suburbs of San Francisco. I was amazed by the low technical and aesthetic level of the distribution grid there. Examples of the grid's solutions are shown in Fig. 1 and 2. Local residents fully agreed with my opinion that the reliability of the energy supply from the grid is low. The grid seems primitive compared to rural grids in Poland. In that rich country its state and federal authorities became interested in the technical technological backwardness, government agencies were activated as well as the Electric Power Research Institute (EPRI) -well known in Poland -and the Smart Grid concept was conceived. These new smart grids were supposed to revolutionise the market. They began to reinvent grid selfmaintainability1 (which has long been known as anti-failure automation, ATS or reclosers) and self-restoration2 (of broken wires and fallen poles too?). Behind it was an innovation of distribution grids adjustment for bi-directional transmission of energy from distributed sources (welcome to Poland to see the small hydropower plants up and running for many years, and recent windmills). In line with the evolutionary trend of power systems development in European countries, they began to use state of the art means of information transmission and processing in distribution grids also in the USA. Consistently with the US information and advertising style the notion of Smart Grid was coined.
Smart Grids in Poland
On the wave of fashion or technological trend the concept of the Smart Grid, translated into "inteligentne sieci elektroenergetyczne" reached Poland. This concept has been exploited in two different ways:
• By experienced power engineers to accelerate modernization of the power system, mainly distribution grids, applying constantly developed solutions in the domains of automation, computer science, data communications, metrology, customer service, etc. Experienced power engineers know that the power system is particularly receptive to the application of the latest solutions of control, protection, anti-failure, and restoration automation. They also know that the transition from dumb to smart grids has been a continuous process, without any qualitative leap, and is conditioned by consistent development of technical means of automation, information technology, measurements and telecommunications, and the continuous reduction of their prices.
• Whereas engineers unfamiliar with the current solutions and actual implementation of modern technical means to control the power system, including distribution grids translate unprofessionally and uncritically insightful articles on Smart Grid, operating advertising slogans, suited to distribution networks in the United States, and propose the implementation of solutions, sometimes completed a long time ago in Poland. They promote general headlines in an advertising way that avoid technical justifications and figures. The Smart Grid concept, cleared of non-professional promotional and advertising ballast, should be used in Poland to introduce economically justifiable technological advancement.
Further in this paper a proposal is presented of a new task for distribution grids, far beyond the tasks so far promoted in relations distribution grid -consumers. The new task is meant to actively bind customers (in an extended scope) through the distribution grid with the entire power system.
The idea of a new task for smart power grids
In the economic structure of modern society there are two major sets of elements associated with the concept of energy:
• a set of interrelated elements used for electricity generation, transmission, and distribution, together with management and control systems, known (according to system definition) as the power system • a set of cars used for private, business, and public transport.
This set in developed countries, including Poland, is subject to quantitative saturation; however, the unit power of these cars' engines is growing steadily.
Why does this paper deal with these two completely different sets?
The common denominator of the power system and the set of cars is power. In Poland, the capacity installed in the power system amounts to ca.
With the number of passenger cars in Poland at ca. 16 x 10 6 and the average engine power ca. 50 kW, the equivalent to the installed capacity is: P iso = 50 x 16 x 10 6 = 800 GW.
Comparison of power in the near future surprises (Tab. 1). It turns out that the average Pole will have at their disposal more than 20 times more power in the car than in the grid.
Is it worth considering different sets at present?
The power system is a real system with properties known to power engineers. For this system a major problem was and still is the considerable variability in demand, especially the big difference between the peak and the low. Now, there is also the uncontrolled variability of generation in renewable sources, especially wind and solar power plants. This variability is compensated by construction of very expensive pumped storage power plants, and low-efficient, but easy to control gas power plants. Other ways of offsetting the discussed variability of demand and generation have no significant prospects in Poland. Cars with internal combustion engines are completely unsuitable for any kind of system connection. Cars with electric motors and batteries, at the current level of technology, do not promise a significant quantitative development in the coming years. The reasons are heavy batteries, short drive range, and long recharging time incomparable with combustion-driven cars. Even when lightweight high capacity batteries are developed, the problem of the charging time comparable to that shown in the photo remains unresolved. However, hybrid vehicles have appeared with the combined drive of internal combustion engine and one or more electric motors, capable of energy recovery and storage, e.g. when braking or downhill driving. The latest achievement, already available in Poland, is the hybrid plug-in car, with a battery that can be recharged from a low voltage network with standard mains voltage (e.g. 230 V). In some countries, the percentage of such cars is already significant and rapidly growing. The reason is the unavoidable and consistent increase in hydrocarbon prices, and ecology-related significant tax benefits available in many countries. In Poland, cars of this type are widely available, the number of buyers is increasing, and in the near future they will constitute a significant part of the fleet.
Combination of the two large sets
The following is a proposal for a merger of these two great sets with extensive use of hybrid cars with a modified way of plug-in connection with the power system. Hybrid plug-in cars treat the power grid just like a gas station, electricity flows only in the direction from the grid to the car battery. The proposed modified hybrid plug-in cars are supposed to treat the smart power system as a set, which they become an integral part of. The power system with connected hybrid smart plug-in cars will become a smart energy system with enhanced systems of control, communication with car users, billing and financial settlement etc. Further in this paper it is revealed that the benefits will be mutual. The power system will acquire the electricity storage and fast power control capability (similar to that of a pumped-storage plant, but much faster), and the consumers will be granted significant discounts for the provision of a new ancillary service.
Modification of hybrid smart plug-in car
In a hybrid car, in addition to a classical internal combustion engine, a high speed electric motor is installed. The shafts of both motors are mechanically coupled to each other and together constitute the car's propulsion system. The electric motor is connected to a battery pack through a power electronic converter, which allows supporting the car's propulsion or recovering energy to the battery. The main purpose of this solution is to reduce fuel consumption by recovering braking energy, and to optimize the coverage of variable demand for driving power jointly by both motors. In these vehicles, by adding the capability to recharge the battery from low voltage network, the plug-in hybrid version was obtained, which enables further reduction in fuel consumption by obtaining an additional source of cheaper energy -the power system. The coupling with low voltage network is similar to the operation of a standard car battery charger rectifier. The proposed hybrid smart plug-in modification consists in the replacement of the rectifier with an inverter, and the addition of a controller enabling automatic remote control of bi-directional energy flow: from grid to battery and from battery to grid.
Effects
Given the above-discussed relation of both sets' power capacities, even with a small percentage of hybrid smart plug-in cars the proposed solution leads to:
• combination of the two energy-related sets • addition to the power system of another energy storage, i.e. hybrid cars • benefits for the car owners arising from differences in electricity prices in different periods: purchase of cheap and sale of more expensive energy, just like in a pumped-storage plant. So large available capacity is not needed in the Polish ower system with peak demand ca. 30 GW. The available power capacity sufficient for the Polish Power Grid will be ca P g = 1.8 GW, which leads to utilisation times of ca T w = (3.6~9.0) GWh: 1.8 GW = (2~5) h. The above estimates show that the coupling of hybrid smart plug-in cars with Smart Grid exceeds the capacity of all pumpedstorage power plants in Poland.
Example control pilot of remote hybrid smart plug-in car owner
Values to be preset by car owner. 1. Battery has to be 100 % recharged at 7:00 a.m. 2. Capacity available to the Power Dispatch >30% 
Car ownership cost estimate

Assumption
• daily in-town mileage 20 km/day • charging not only in load lows. The adopted electricity cost includes also a bonus for the stored energy availability K = 4.4 kWh • 0.25 PLN/kWh = 1.10 PLN. It may happen that the bonus for this service will amount to 100%, because at a standstill with the connection to the Smart Grid the difference between the cost of energy sold and purchased by the car will be higher than the cost of electricity consumed. It is noteworthy that if the car were combustion-driven, it would consume two litres of gasoline, which costs 10 times more.
Problems to be worked-out
1. Analysis is required that takes into account forecasts, e.g. of technological advancement, implementation costs, battery life, and tariffs, and compares the proposed solution with the design of pumped-storage power plant or other similar energy storages. 2. Smart electricity meters, connected with the Smart Grid operator, deployed in the cars and/or at the points of common coupling. 3. Raising public awareness of the project's expediency and cost-effectiveness. 4. Development of a car owner friendly way of using the new hybrid smart plug-in solution. 5. Tax regulations that promote hybrid smart plug-in cars.
Conclusions
No large investment is needed for the implementation of the proposed solution, because:
• no capital expenditures are needed for the battery banks, because they are used in hybrid cars • the replacement of the rectifier with the inverter is technically very simple, and the related cost increase would be small • the price of the smart microprocessor system for control of the inverter in accordance with the car owner preferences • will be comparable to that of a standard mobile phone • the connection to low voltage network in a garage and parking place (with adequate protection) is simple to implement and does not require significant capital expenditures • the smart billing system, regardless of the locations of its elements deployment, with the modern IT and multilateral information transfer will be a component of the smart power system • the proposed solution, subject to a slight modification, can be used for plug-in electric cars.
This paper, intended as a call for debate, aims to draw attention to the future possibilities of a modern hybrid smart plug-in solution coupled with the Smart Grid, leading to savings of energy and hydrocarbon fuels, and to environmental protection.
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Słowa kluczowe
Smart Grid, samochody hybrydowe, system elektroenergetyczny
Streszczenie
Idea Smart Grid, inteligentnych sieci elektroenergetycznych, po odrzuceniu nieprofesjonalnego balastu propagandowo-reklamowego, powinna być w kraju wykorzystana do wprowadzania postępu technicznego uzasadnionego ekonomicznie. Opisano dwa zbiory elementów związane z energią: zintegrowany zbiór -system elektroenergetyczny i rozproszony zbiór -samochody osobowe. Wśród samochodów osobowych coraz liczniejsze są pojazdy z napędem hybrydowym lub elektrycznym (ang. hybrid plug-in). W artykule zaproponowano wersję samochodów hybrydowych smart hybrid plug-in, umożliwiającą skojarzenie tego typu pojazdów z systemem elektroenergetycznym. Przedstawiono szacunek liczbowy korzyści dla posiadaczy samochodów i dla systemu elektroenergetycznego. 
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